Aim: While previous studies have examined the association between health-related behaviors and hypertension, comparatively little attention has been paid to the role of social participation (i.e. participating in community organizations). The aim of the present study was to investigate the longitudinal association between social participation and hypertension among the middle-aged and older population (aged ≥45 years) in China where the prevalence of hypertension has been increasing rapidly in the past few decades.
Introduction
Hypertension is one of the most important risk factors of cardiovascular diseases. 1 Globally, it has been estimated that there were 1.39 billion people living with hypertension in 2010, 2 and this figure was projected to increase to 1.56 billion in 2025. 3 It is of note that the prevalence of hypertension has been increasing disproportionately in developing countries, such as China. 2 For example, the prevalence of hypertension increased from 18% to 34% during the period between 2002 and 2010 in China, 4, 5 which was possibly caused by rapid urbanization, Westernization of lifestyle and population aging in the country. 6 Although previous research in China has focused on the association between hypertension and individual lifestyle-related risk factors, comparatively little attention has been paid to the role of social participation (i.e. participation in community organizations). 7, 8 Social participation refers to involvement in the activities of formal and informal societal groups, 9 and has recently attracted the broad attention of public health researchers and practitioners in relation to promoting healthy aging and creating age-friendly cities.
countries. For example, Yazawa et al. showed that participation in horizontal organizations (i.e. groups that are characterized by non-hierarchical, egalitarian relationships among group members; volunteer, sport and hobby groups in their study) was inversely associated with hypertension among older people in Japan. 11 Kamiya et al. showed that participating in a greater number of organizations was associated with a lower odds of hypertension among the older population living in the UK. 12 The present study was designed to extend the previous studies in several ways. First, we used longitudinal dataset and investigated the association to deal with the issue of reverse causality. Previous studies used a crosssectional design to investigate the association.
11,12 Second, few studies have been carried out in China, which exemplifies rapid economic development and population aging in the past several decades better than any other countries and thus, the increasing trend of hypertension. 6 Social participation could be a potential cost-effective means to help mitigate disease burden associated with hypertension in China, which must meet the demand of a rapidly aging population with limited financial and medical resources.
The aim of the present study, therefore, was to investigate the longitudinal association between social participation and hypertension in China, using data from the China Health and Retirement Longitudinal Study (CHARLS), which is a nationally representative survey of middle-aged and older people in China.
Methods

Data
The CHARLS is a nationally representative longitudinal study that was carried out in 2011 (wave I) and 2013 (wave II). 13 As shown in Figure 1 , out of 17 638 people who participated in wave I, we excluded those with missing information on blood pressure (n = 3925) and covariates (n = 69). We further excluded those who were hypertensive in wave I (n = 5584). Out of 8060 participants who were not hypertensive in wave I, 7434 people participated in wave II. After excluding those who did not provide information on blood pressure in wave II (n = 1951), we had an analytic sample of 5483 people (2591 men and 2892 women).
The current study was a secondary analysis of the CHARLS dataset, which is publicly available (http:// charls.pku.edu.cn/en). The study protocol of the CHARLS was originally approved by the Ethical Review Committee of Peking University, China. Participants gave informed consent for participation.
Dependent variable
Blood pressure was measured at participants' homes by a trained interviewer. It was measured three times on their left arm, with a 45-s interval. Participants were requested to sit down with their left arm placed on the table and palm facing up. Participants were considered to be hypertensive if their systolic blood pressure was ≥140 mmHg, diastolic blood pressure was ≥90 mmHg or they selfreported taking antihypertensive medication. 14 
Independent variables
Social participation was defined by asking if participants attended any of the following activities once a week or more frequently in the previous 1 month at baseline: (i) interacted with friends; (ii) played mahjong (i.e. a Chinese tile-based game), chess or cards, or went to community club; (iii) went to a sport, social or other kind of club; (iv) took part in a community-related organization; and (v) attended voluntary or charity work.
Covariates
Baseline information collected on respondents' sociodemographic characteristics included: age (in years), marital status (married or unmarried) and educational attainment (<9 years, 9 years, >9 years). Body mass index (BMI) was calculated as weight (kg) divided by squared height (m 2 ); it was then categorized in the following categories: <18.5 (underweight); 18.5-23.99 (normal); 24-27.99 (overweight); and ≥28 (obese). 15 Location of residence (urban/rural) was also incorporated into models to account for urban/rural difference in the association between social participation and health. 16 The health-related behaviors include smoking status (never smoke, used to smoke, currently smoke), alcohol consumption (never drink, <1 time per month, >1 time per month), self-reported poor health (1: very poor or poor, 0: fair, good or very good) and depressive symptoms (evaluated with the 10-item version of the Center for Epidemiologic Studies Depression Scale [CES-D 10]). The CES-D 10 score ranges from 0 to 30 and participants were categorized into two based on their score (i.e. CES-D 10 <10: no depressive symptoms; CES-D 10 ≥10: depressive symptoms). 17 
Statistical analysis
Descriptive characteristics of the study participants were compared by the presence of hypertension in 2013 using χ 2 -tests in each sex. We used a multilevel Poisson regression model with a robust variance estimator to investigate the association between social participation and hypertension while accounting for multiple individuals within community. 18 We stratified the analysis by sex, as previous research suggested that the health impact of social participation might differ by sex. 19 We also incorporated sampling weights to produce nationally representative estimates of variables.
Those who did not provide information on depressive symptoms and BMI were categorized as "missing" in order to retain statistical power.
We used Stata 15.0 (Stata Corp, College Station, TX, USA) for statistical analyses. Results are presented as incidence rate ratios (IRRs) with 95% confidence intervals (CIs). The level of statistical significance was set at P < 0.05 (two-tailed). Table 1 shows the baseline characteristics of the study participants stratified by sex and the presence of hypertension in wave II. Out of 5483 participants, 52.7% were women, and 20.6% of men and 17.2% of women developed hypertension during the period between 2011 and 2013. Those who became hypertensive in 2013 tended to be older (P < 0.001), not married among women (P < 0.001), less educated among men (P = 0.053), more obese (P = 0.006 for men and P = 0.001 for women) and less likely to participate in community organizations among women (P = 0.070). There was no marked difference in relation to location or residence (urban or rural), smoking status, alcohol consumption, self-reported poor health and depressive symptoms. Table 2 shows the results of a Poisson regression model investigating the association between social participation and the onset of hypertension among men and women. Among men, social participation was not statistically significantly associated with the onset of hypertension. Age was positively associated with the onset of hypertension; for example, those aged ≥70 years had 1.82-fold higher IRR of hypertension compared with those aged 45-49 years (reference category). Those who were more educated were less likely to become hypertensive (e.g. schooling of >9 years: IRR 0.74, 95% CI 0.55-0.98) and higher frequency of alcohol consumption was positively associated with the onset of hypertension (IRR 1.20, 95% CI 1.01-1.42). Among women, social participation was inversely associated with the onset of hypertension (IRR 0.80, 95% CI 0.67-0.95). In addition, higher age (e.g. those aged ≥70 years: IRR 2.99, 95% CI 2.21-4.04) and higher body mass index (≥28: IRR 2.29, 95% CI 1.60-3.27) were associated with the onset of hypertension.
Results
Discussion
Using nationally representative data among a middleaged and older Chinese population, the present prospective study showed that among women, participating in community organizations once a week or more frequently was inversely associated with the onset of hypertension. In contrast, no such association was observed among men.
The inverse association between social participation and hypertension observed in this study was in line with Yazawa et al., who showed in their cross-sectional study in Japan that participating in horizontal organizations (i.e. groups that are characterized by non-hierarchical, egalitarian relationships among group members; volunteer, sport and hobby groups in their study) once a month or more frequently was associated with a lower prevalence of hypertension among the Japanese older population (aged ≥ 65 years). 11 As we used information on similar types of community organizations/activities (e.g. interaction with friends, community club, a sport, social or other kind of club, community-related organization and voluntary or charity work) to those included by Yazawa et al., the present study extends their study by providing longitudinal evidence of the association between social participation and hypertension.
Several possible mechanisms linking social participation and hypertension have been proposed, which can be divided into two potential aspects (i.e. health behavior and psychological stress). For the former, Lindström et al. used data from the Malmö Diet and Cancer Study, which involved 11 837 participants in Sweden and showed that social participation (defined by taking part in the activities of 13 formal and informal groups in society) was associated with an elevated level of light physical activity. 9 They also showed that it was positively associated with vegetable and fruit consumption, 20 and smoking cessation 21 among the same study population. In terms of the latter, the association between social participation and hypertension could operate through providing a sense of companionship and belonging, which could enhance people's ability to cope with stressors. 22, 23 Future study should focus on elucidating these detailed mechanisms in the Chinese context to better inform the development of intervention.
We did not observe a statistically significant association among men. Sex differences in the association between social participation and health outcomes have been reported in previous literature as well. For example, in Japan, participation in social activities was associated with a relatively stable transition of instrumental activities of daily living and cognitive function among women, but not among men. 24, 25 Another study undertaken in Korea has shown that participation in formal and informal group activities had a protective effect on self-rated health among older people, which was larger among women than men. 19 While the exact mechanism is yet to be determined, there are several possible reasons to explain the null findings among men. First, we can hypothesize that men are less affected by neighborhood environment as a result of comparatively less time spent in the community; 26, 27 for instance, Stafford et al. investigated the association between a variety of neighborhood environment indicators and self-reported health in the UK, and showed that the effects were larger in women than in men. 26 Although social participation was operationalized as an individual-level variable in our study, it can be hypothesized that social or physical environments that engender more social participation also affect health, particularly health of individuals who stay in the environment longer (i.e. women). Another possibility is that supposing men are more likely to be in key positions of community organizations, it can be a psychological stressor offsetting the beneficial health effect of 28 However, it should also be noted that Takagi et al. reported that occupying key positions within an organization rather promoted the mental health of Japanese older men, interpreting that men might feel rewarded by seeking authoritative positions in their Japanese culture. 16 Future study should focus on more detailed pathways linking social participation and hypertension.
It should be noted that the female participants were younger than the male participants in the present study, raising the possibility that the sex difference in the association between social participation and the onset of hypertension might have been caused by a different age structure by sex. To clarify this, we calculated the proportion of participants who became hypertensive during the follow-up period by age group, baseline social participation and sex (Table S1 ). The results showed that among male participants, the proportion of participants who became hypertensive was higher in those who reported social participation than in those reporting no social participation except for the oldest group. In contrast, among female participants, the proportion of people who became hypertensive was higher in people who reported no social participation than in those who reported social participation except for the 50-59 years age group. Given this, we can conclude that the observed sex difference was not caused by sex difference in age structure while, at the same time, future studies should examine this age-related difference in the health effect of social participation (e.g. identifying the type of social participation that works best in a specific population subgroup in terms of preventing the onset of hypertension).
The findings of the present study have important public health implications. Given that China's social and medical infrastructure must meet the demands of a rapidly growing aging population, the government should implement efficient and cost-effective policies that help mitigate the morbidity and mortality associated with hypertension. In this respect, promoting social participation could be one of the possible solutions; several studies that investigated the association between social participation and health outcomes other than hypertension in China have also suggested a beneficial effect of social participation. For example, Li et al.
showed that participating in a volunteer group was associated with lower depressive symptoms, less functional limitation and better self-reported health among urban Chinese. 29 There were several limitations to the present study. First, study participants in this study might not have fully represented the Chinese middle-aged and older population. For example, an estimate of 159 million people were migrant workers in 2011, and were difficult to include in a population-based survey. 30 Given that they have limited access to social and medical services, and are subject to discrimination and stigmatization, this omission might have biased our results. 6 Another possibility is that those who were hypertensive might feel reluctant to participate in the survey. Second, there are several variables that would have better explained the association between social participation and hypertension, such as information on how long they had participated in community organizations, physical activity level, diet (e.g. sodium and potassium consumption), occupational status (information on which was available in a small portion of the participants), performance of key roles in community organizations and geographic location of residence.
In conclusion, the present study suggests that participating in community organizations once a week or more frequently reduces the onset of hypertension among the middle-aged and older population in China, particularly among women. Promoting social participation might be one of the productive ways to mitigate the disease burden associated with hypertension in China.
